ABSTRACT. Bacteria of the genus Providencia are opportunistic pathogens of clinical significance due to their association with diarrhea and urinary tract infections. The present study was conducted to examine the prevalence and antimicrobial resistance of Providencia spp. in retail meats sold in Guangzhou, China and Osaka, Japan. Out of 158 meat samples including beef, pork and chicken, 67 Providencia (42%) belonging to four species viz., P. alcalifaciens, P. rustigianii, P. stuartii and P. rettgeri were isolated, and most of them were resistant to tetracycline (91%) followed by ampicillin (69%) and streptomycin (49%). Of 67 isolates, 29 (43%) were MDR, which is defined to be resistant to more than three classes of antimicrobials. No statistically significant differences were observed between Chinese and Japanese retail meat samples regarding contamination rate of Providencia spp. as well as frequency of the antimicrobial resistance of the isolates including MDR. Class 1 and/or class 2 integrons were detected in six of the eight isolates that were resistant to more than 4 antimicrobials, however none of the isolates harbored class 3 integron. A P. rustigianii harboring the bla OXA-10 gene was isolated, which is the first report of Providencia with bla OXA-10 gene of food origin. These data suggest that retail meats in China and Japan are substantially contaminated with Providencia spp., which displayed a high frequency of antimicrobial resistance, and establishing the surveillance of Providencia spp., especially antimicrobial resistant one, in retail meats is imperative.
classes 1, 2 and 3 integrons, have been reported to be associated with MDR and the dissemination of resistance genes [5, 17, 30, 32] . Some studies have shown that many of the pathogens isolated from meats or other foods are resistant to clinically important antimicrobials [43] . Thus, consumption of meats contaminated with antimicrobial resistant Providencia strains may not only cause infection but also serve a source for the dissemination of antimicrobial resistant genes in humans, which could have a serious impact on consequent antimicrobial therapy.
In this study, therefore, we conducted a survey regarding the prevalence of Providencia spp. in retail meats in a developing country, China, and a developed country, Japan, and examined the antimicrobial susceptibility and prevalence of classes 1, 2 and 3 integrons in MDR isolates.
MATERIALS AND METHODS

Sample collection
Raw meat samples (85 from Guangzhou, China, including 25 beef, 29 pork and 31 chicken and 73 from Osaka, Japan, including 23 beef, 25 pork and 25 chicken) were purchased from retail markets during 2012-2013. The meat samples were aseptically collected and transported to the laboratory in an icebox, and then used immediately for bacterial isolation.
Bacterial isolation and determination
Each sample (25 g ) was placed into a sterile lateral bag containing 25 ml of sterilized PBS and homogenized for 1 min using a stomacher. Then, 1 ml of the homogenate was mixed with 4 ml of 1.25 × trypticase soy broth (TSB; Huankai Ltd., Guangzhou, China) and incubated in a shaker incubator overnight at 37°C. One loopful of the overnight culture was streaked onto selective polymyxin-mannitol-xylitol medium (PMXMP; containing Lab Lemco powder, sodium deoxycholate, anhydrous disodium hydrogen phosphate, phenol red dye, maltose, and xylose with polymyxin B sulfate) [47] . Presumptive Providencia colonies (red to pink on PMXMP medium) were streaked onto Luria-Bertani [2] agar and incubated overnight at 37°C. To identify the Providenciapositive isolates at the species level, the API 20E (a biochemical strip for Enterobacteriaceae; SYSMEX bioMérieux Co., Ltd., Tokyo, Japan) as well as the oxidase, adonitol and galactose utility tests were performed as previously described [34, 37, 47] .
Antimicrobial susceptibility test
Antimicrobial susceptibility was determined by the disk diffusion method using 13 antimicrobial discs according to the 2012 Clinical and Laboratory Standards Institute (CLSI) guidelines. The following antimicrobial discs (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan), corresponding to the drugs most commonly used for the treatment of infectious diseases caused by Gram-negative bacteria, were included in the experiment: tetracycline (TET) 30 µg, ampicillin (AMP) 10 µg, ceftazidime (CAZ) 30 µg, cefoxitin (CFX) 30 µg, imipenem (IPM) 10 µg, streptomycin (STR) 10 µg, gentamicin (GEN) 30 µg, kanamycin (KAN) 30 µg, nalidixic acid (NA) 30 µg, norfloxacin (NFLX) 10 µg, sulfamethoxazole-trimethoprim (SXT) 25 µg, chloramphenicol (CM) 30 µg, and fosfomycin (FOM) 50 µg. Escherichia coli ATCC 25922 was used as a quality control. All experiments were conducted and results were interpreted according to the CLSI guidelines.
Detection and characterization of classes 1, 2 and 3 integrons in MDR Providencia spp.
Based on the antimicrobial resistance profile of the isolates, eight MDR Providencia spp. isolates that were resistant to at least four antimicrobials were selected for further analysis of the presence of classes 1, 2 and 3 integrons by PCR using previously described primers and protocols (Table 1) . Genomic DNA was extracted from the isolates with the TIANamp Genomic DNA Kit (Tiangen, Beijing, China). E. coli K-12 DH1 strains containing pR388 [7] , pVC2554 [8] , or pSMB731 [3] , which respectively carrying class 1, 2 or 3 integron, were used as positive controls. Plasmid DNA was extracted from the control strains using the 
RESULTS
Prevalence of Providencia in retail meats from China and Japan
Of the 73 retail meats purchased in Japan, 28 Providencia strains, belonging to four species, P. alcalifaciens, P. rustigianii, P. stuartii, and P. rettgeri, were isolated with an overall prevalence rate of 38% ( Table 2) . P. alcalifaciens was the most dominant species in beef and chicken samples. The other three species, P. rettgeri (2.7%), P. stuartii (4.1%) and P. rustigianii (2.7%) were detected in only two meats such as pork and beef or chicken at much lower rates. However, one strain isolated from chicken was not able to be identified species but the result of API 20E showed P. alcalifaciens or P. rustigianii because it was positive for both adonitol and galactose utility test.
On the other hand, of the 85 retail meats purchased in China, 39 Providencia strains belonging to three species, P. alcalifaciens, P. rustigianii, and P. stuartii, were isolated from 38 retail meats with slightly higher prevalence (45%) compared to that in Japanese meats. P. alcalifaciens was also the most prevalent species in all three tested meats, followed by P. rustigianii (4.7%) and P. stuartii (3.5%), which were also detected in all three meats. However, P. rettgeri was not detected in any meat samples in China. One Chinese beef sample was contaminated with both P. alcalifaciens and P. stuartii. P. alcalifaciens, P. rustigianii and P. stuartii were detected in all three tested meats, and P. rettgeri was the least prevalent species which was isolated from only one beef and one pork sample purchased in Japan. Providencia-positive rate for pork samples in China was significantly higher than that in Japan (P<0.01, χ 2 -test), whereas the positive rate for chicken samples in Japan was higher than that in China (P<0.01, χ 2 -test). In the beef, the Providencia contamination rate was slightly higher in Chinese samples but there was no significant difference (P>0.05, χ 2 -test).
Antimicrobial susceptibility
The 67 Providencia strains were characterized by antimicrobial susceptibility to 13 antimicrobials belonging to seven families (Table 3) . Of 28 Providencia strains isolated from retail meats purchased in Osaka, Japan, 26 (93%) exhibited resistance to at least one antimicrobial (Table 4A) . Antimicrobial with the highest resistant frequencies was tetracycline (82%), followed by streptomycin (61%) and ampicillin (54%). Resistance was also observed, albeit to a much lesser extent, to fosfomycin (14%), chloramphenicol (7.1%), kanamycin (3.6%) and sulfamethoxazole-trimethoprim (3.6%) as shown in Table 3 .
On the other hand, of 39 Providencia strains isolated from retail meats purchased in Guangzhou, China, 38 (97%) were resistant to at least one tested antimicrobial (Table 4A) . Of these resistant isolates, 97% were resistant to tetracycline, followed by ampicillin (80%) and streptomycin (41%). The resistant rates to other antimicrobials were much lower e.g. chloramphenicol (7.7%), sulfamethoxazole-trimethoprim (7.7%), fosfomycin (5.1%), nalidixic acid (5.1%) and kanamycin (2.6%) as shown in Table 3 . The resistant rates to both tetracycline (P<0.05, χ 2 -test) and ampicillin (P<0.01, χ 2 -test) among isolates recovered from China were significantly higher than those of Japan. However, any Providencia isolated in this study did not show resistance to ceftazidime, cefoxitin, imipenem, gentamicin and norfloxacin (Table 3) .
Twenty-nine MDR strains (29/67, 43%), which exhibited resistance to more than three classes of antimicrobials, were obtained (Table 4A ). There was no significant difference between Japanese and Chinese strains in terms of the frequency of MDR (P>0.05, χ 2 -test). From the viewpoint of meat source, the highest frequency of MDR was observed in isolates from chicken (52%), followed by beef (41%) and pork (36%); however, this difference was not statistically significant (P>0.05, χ 2 -test; Table 4B ). 
Prevalence and characterization of classes 1, 2 and 3 integrons in MDR Providencia spp.
Eight MDR strains that showed resistance to at least four antimicrobials were screened for the presence of intI1, intI2 and intI3 genes, and examined antimicrobial resistant gene cassettes. The PCR results revealed that six of the eight tested strains were intI1 gene-positive, and of these, only three harbored the classic qacEΔ-sul1 region as shown in Table 5 . Class 1 integron gene cassette was amplified from only strains JA-b-9 (P. rettgeri) and CH-b-11 (P. rustigianii), which were subsequently confirmed to contain dfrA12-aadA2 (trimethoprim and streptomycin resistances) and aadB-cat-bla OXA-10 -aadA genes (kanamycin, chloramphenicol, (39) Beef ( β-lactams and streptomycin resistances), respectively. Class 2 integron was also detected in three of the six intI1gene-positive Providencia strains, which were all isolated from Chinese samples. Variable regions, containing a similar set of antimicrobial resistant genes, i.e., dfrA1-sat1-aad1 and dfrI-sat2-aadA1, were detected in P. rustigianii and P. alcalifaciens strains (CH-b-11 and CH-c-71, respectively). However, no class 3 integron was detected in any Providencia strains analyzed in this study (Table 5) .
DISCUSSION
Since isolation of Providencia and its association with diarrhea and UTI have been increasingly reported in developing and developed countries [2, 6, 7, 9-11, 19, 20, 23, 27, 29, 35, 37, 38, 42, 47, 48] , in this study we therefore examined the prevalence of Providencia in retail meats purchased from markets in Guangzhou, China and Osaka, Japan. Our results indicate that retail meats in both China and Japan were substantially contaminated with Providencia spp., especially P. alcalifaciens, and Providencia contamination rate of retail meats purchased in China (45%) was higher than that in Japan (38%). On the other hand, the Providencia contamination rate in same kind of meats sold in Thailand was much higher (68%) [39] than that in China and Japan. These findings may indicate why diarrhea attributed to Providencia is more common in developing countries and travelers from developing countries [20, 33, 38, 47] . However, another study showed a significantly lower Providencia contamination rate in retail foods purchased in Guangzhou, China (2.9%) [46] . One possible reason for this difference is the selective media used for each study. For example, our study used selective medium for Providencia while their study used selective medium for Enterobacteriaceae. Alternatively, the different rates could be due to samples analyzed. Our study analyzed retail meats only but their study analyzed not only retail meats but also other food samples such as vegetables, aquatic products, frozen foods and so on.
One more thing, which we have to discuss the result of this study, is the high prevalence rate of Providencia in Japanese beef. In slaughterhouse in Japan the strict regulation such as HACCP has been introduced. Thus, the contamination of the fecal bacteria must be very less. At this moment, however, we have no idea why the contamination rate of Providencia was so high in beef in Japan. One possible explanation would be cross contamination of Providencia to beef from other souses such as pork and chicken in the backyard of the supermarket. Further studies are required to understand the real situation of contamination rate of beef in Japanese.
P. alcalifaciens, P. rettgeri, P. rustigianii, and P. stuartii were isolated from meat samples in both this study and study in Thailand [38] . The fact that P. alcalifaciens, P. rettgeri, and P. stuartii were isolated from both patients with diarrhea/urinary tract infections and meat samples suggests that food animals, and in particular their meat, might be an important source of Providencia transmission to humans. Further studies are required regarding prevalence of Providencia in the environment, food animals, pet animals and so on.
In this study, we also examined antimicrobial susceptibility of the Providencia strains isolated from retail meats purchased in China and Japan. Our findings are similar to a previous report from Nigeria [1] , showing that Providencia isolates in farm animals are commonly resistant to multiple antimicrobials including tetracycline, ampicillin, and streptomycin. On the other hand, the frequency of MDR was not statistically significant among Providencia strains isolated between China and Japan. Since usage of antimicrobials in veterinary settings must be different between China and Japan, there is no explanation why there was no significant different between these two countries. Although 43% (29/67) of the Providencia strains were MDR, it is reassuring that all the Providencia strains were susceptible to clinically important antimicrobials such as norfloxacin, imipenem, cefoxitin and ceftazidime. However, detection of resistance to sulfamethoxazole-trimethoprim, fosfomycin, and nalidixic acid is alarming because these antimicrobials are also important for the treatment of urinary tract infections and diarrhea. Therefore, rational use of antimicrobial agents should be emphasized in both veterinary and medical settings. Although our results cannot be used to ascribe the presence of resistance phenotypes to antimicrobials used in livestock, it does provide support for the idea that foods of animal origin are a potential source of antimicrobial resistant human pathogens [4, 14, 44] .
Since integrons are often associated with MDR, we also examined the presence of integrons in MDR Providencia isolated in this study. Class 1 and/or class 2 integrons were detected in six of eight MDR Providencia strains with resistance to ≥4 antimicrobial agents. This finding supports the idea that class 1 and/or class 2 integrons present in MDR bacteria from meat samples most probably contaminated from food-producing livestock are a possible reservoir for the dissemination of resistance genes in the environment or in humans [5, 17, 40] . In particular, it should be noted that classes 1 and 2 integrons were detected in one MDR P. rustigianii isolated from a Chinese meat sample, which was also reported in another study that examined prevalence of Providencia spp. in animal feces [1, 26] . Machado et al. [26] suggested that various recombinational events may occur in these genetic platforms. However, additional detail investigations are necessary to support this hypothesis.
Extended spectrum β-lactamases (ESBL), which can degrade a variety of β-lactamases, is also one of the most important antimicrobial resistances in clinical settings. bla OXA-10 is one of the genes encoding β-lactamases. bla OXA-10 has been so far detected in only clinical Providencia strains such as P. rettgeri (Guangzhou, China, GenBank accession no. KJ488989.1), P. rettgeri (Nigeria, GenBank accession no. GU056843.2) and P. stuartii (Tunisian Burn Unit, GenBank accession no. JN193567.1). In this study, bla OXA-10 gene was detected in Providencia spp. isolated from a retail meat sample. This is the first report, to the best of our knowledge, regarding isolation of Providencia spp. a carrying bla OXA-10 gene from meats. The bla OXA-10 gene encodes β-lactamases with a serine residue as an active site belonging to class D β-lactamases, which was found in a variety of Gram-negative bacteria, especially Pseudomonas aeruginosa [31] . The OXA-10 β-lactamase has a narrow spectrum that can hydrolyze cephalosporins, cefotaxime, ceftriaxone, and aztreonam at low levels but not ceftazidime, cephamycins, and carbapenems [22] . Likewise, in this study, a P. rustigianii strain (CH-b-11) harboring bla was susceptible to all four tested β-lactam antibiotics (Table 2) . However, the importance of this β-lactamase-integron-carrying organism should not be neglected, as mutant derivatives of OXA-10, such as OXA-11, OXA-13, OXA-16, OXA-28, OXA-35 and OXA-74, possess increased activities toward expanded-spectrum cephalosporins [31] .
In summary, this is the first report focusing on the prevalence and antimicrobial resistance of Providencia spp. in retail raw meats in China and Japan. Our results showed that retail meats in both China and Japan are substantially contaminated with Providencia spp., especially P. alcalifaciens, which displayed a high frequency of antimicrobial resistance. In addition, class 1 and/or 2 integrons were also associated with MDR in Providencia spp. These data suggest that meats may be a potential source of Providencia for human infections, which highlights the importance of Providencia spp. in retail meats as a reservoir for antimicrobial resistance genes. Although we detected only a small number of Providencia isolates, our data suggested that establishing a surveillance program for resistant Providencia spp. in retail meat is imperative, as well as supervision for prudent use of antimicrobials in food animals to prevent the dissemination of MDR Providencia spp. among animals and humans.
